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Abstract

Background & Aims: Screening patients with cirrhosis for hepatocellular carcinoma (HCC) has
been recommended. We conducted a matched case—control study within the US Veterans Affairs
(\VVA) healthcare system to determine whether screening by abdominal ultrasonography (USS)
and/or by measuring serum level of alpha fetoprotein (AFP) is associated with reduced cancer-
related mortality in patients with cirrhosis.

Methods: We defined cases (n=238) as patients with cirrhosis who died of HCC from January 1,
2013 through August 31, 2015 and had been in VA care with a diagnosis of cirrhosis for 24 years
prior to the diagnosis of HCC. We matched each case to 1 control (n=238), defined as a patient
with cirrhosis who did not die of HCC and had been in VA care for >4 years prior to the date of his
matched case’s HCC diagnosis. Controls were matched to cases by year of cirrhosis diagnosis,
race/ethnicity, age, sex, etiology of cirrhosis, MELD score, and VA medical center. We identified
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all USS and serum AFP tests performed within 4 years before the date of HCC diagnosis in cases
or the equivalent index date in controls, and determined via chart extraction (blinded to case or
control status) whether these tests were performed for screening.

Results: There were no significant differences between cases and controls in the proportions of
patients who underwent screening USS (52.9% vs 54.2%), screening measurement of serum AFP
(74.8% vs 73.5%), either a screening USS or measurement of serum AFP (81.1% vs 79.4%), or
both (46.6% vs 48.3%) within 4 years before the index date, with or without adjusting for potential
confounders. There was also no difference in receipt of these screening tests within 1, 2, or 3 years
prior to the index date.

Conclusions: In a matched case—control study of the VA healthcare system, we found that
screening patients with cirrhosis for HCC by USS, measurement of serum AFP, either test, or both
was not associated with decreased HCC-related mortality. We encourage additional case—control
studies to evaluate the efficacy of screening for HCC in other healthcare systems, in which
available records are sufficiently detailed to enable identification of the indication for USS and
AFP tests.
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Introduction

Patients with cirrhosis have a high risk of hepatocellular carcinoma (HCC), ranging from 1%
to 8% per yearl. Most professional liver societies recommend screening cirrhotic patients
with abdominal ultrasonography (USS) with or without concomitant serum alpha fetoprotein
testing every 6 months2~4, but many non-liver societies do not endorse HCC screening®: 6.
The rationale for HCC screening in patients with cirrhosis is that screening tests such as
USS or serum AFP may identify patients with HCC at an early stage when they have
potentially curative or life-prolonging treatment options including liver transplantation,
radiofrequency ablation or surgical resection. However, it remains unclear whether HCC
screening reduces cancer-related mortality in patients with cirrhosis, which should be the
primary endpoint of HCC screening — rather than early stage migration or increased
frequency of receipt of potentially curative treatments.
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Two randomized controlled trials of HCC screening have been performed’- 8. However,
these trials reached conflicting conclusions about screening effectiveness, and their
methodology has been criticized®. Also, their results do not necessarily apply to North
American and European patients with cirrhosis in the current era, because the trials were
conducted in China from 1989 to 1997 among patients with chronic hepatitis B virus (HBV)
infection. HBV-related HCC can occur in the absence of cirrhosis and important advances in
the treatment of HCC have taken place since these studies were conducted.

Many observational studies have been performed comparing survival in patients diagnosed
with HCC via screening to those who presented with symptomatic HCC. These studies were
summarized in two systematic reviews1% 11 which concluded that the interpretation of these
observational studies was limited due to selection, verification, leadtime and length-time
biases.

Ideally, the effectiveness of HCC screening would be evaluated by a study that randomizes
patients with cirrhosis to screening versus no screening. However, as concluded by the
authors of the American Association for the Study of Liver Diseases (AASLD) HCC
guidelines!? and demonstrated by problems in patient recruitment encountered in a pilot
study3, it is unlikely that such randomized trials of HCC screening will be feasible in the
United States (US), where HCC screening has become the de facto standard of care.
Nonetheless, concerns have been raised that HCC surveillance has been adopted in the US
without sufficient data to demonstrate its efficacy.14 15

As an alternative to randomized controlled trials (RCT), case-control studies have the
potential to evaluate the effectiveness of cancer screening in an efficient manner6-18, To test
for an effect of screening on cancer-related mortality, previous receipt of the screening test
(e.g. abdominal USS or serum AFP testing) is compared in patients with cirrhosis who died
of HCC (cases) and in a matched sample of patients with cirrhosis who did not die of HCC
(controls). A lower likelihood of screening prior to diagnosis during the time when the
malignancy is occult but potentially detectable by means of the screening modality among
those who died of cancer would provide evidence in support of a protective effect of
screening on mortality. Thus, if HCC screening were effective, we would expect patients
who died of HCC to be less likely to have been screened than patients with cirrhosis who
have not died of HCC. By selecting patients with fatal, rather than incident, cancers as the
case subjects, this case-control paradigm addresses the impact of screening on cancer-related
mortality and is not susceptible to length-time or lead-time bias. The odds ratio in a bias-free
casecontrol study of screening would be a valid estimate of the risk ratio that might be
obtained from a RCT16,

The case-control study design has been used previously to evaluate screening effectiveness
for malignancies other than HCC, such as colorectal cancer,1% 20 breast cancer,2! esophageal
cancer,22 cervical cancer,23 prostate cancer,?4 and melanomaZ2°. We performed a matched
case-control study to evaluate the extent to which screening for HCC with USS or serum
AFP is associated with reduced HCC-related mortality among cirrhotic patients in the US
Veterans Affairs (VA) healthcare system, the largest integrated healthcare system in the US.
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Overall Study Design: matched case-control study of screening effectiveness.

We defined cases as VA patients with cirrhosis who died of HCC between 01/01/2013 and
8/31/2015 and had at least four years of follow-up time enrolled in the VA from the date of
cirrhosis diagnosis to the date of HCC diagnosis. We matched each case to one control,
defined as a VA patient with cirrhosis who did not die of HCC, was not diagnosed with HCC
as of the date of their case’s HCC diagnosis and was in VA care at least four years prior to
the date of his matched case’s HCC diagnosis (Figure 1). Cases were compared to controls
with respect to abdominal USS or serum AFP tests performed for HCC screening during the
four years prior to the diagnosis of HCC in the cases or the equivalent index date in the
matched controls. A smaller proportion of cases than controls receiving HCC surveillance
would suggest an association between HCC surveillance and decreased HCC-related
mortality.

Data sources: the national VA Corporate Data Warehouse (CDW) and Medical Chart

Extraction.

The VA uses a single, nationwide, comprehensive electronic healthcare information network.
Data from this network reside on the Corporate Data Warehouse (CDW), a national,
continually-updated data repository developed specifically to facilitate research?6. We
extracted data on all pharmacy prescriptions, demographics, inpatient and outpatient visits,
problem lists, procedures, vital signs, diagnostic tests, and laboratory tests for patients with a
diagnosis of cirrhosis who were in VA care in or prior to 2015. These CDW data were used
only to identify potential cases and controls for this study. Once potential cases and controls
were identified from the CDW, their electronic medical records were accessed using the
Compensation and Pension Record Interchange (CAPRI), an electronic interface providing
online access to Veterans’ medical records at all VA facilities in the country. CAPRI was
used to obtain radiology reports, pathology reports, and inpatient and outpatient progress
notes. These detailed records were electronically copied onto a specifically designed
REDCap?’ database. The extracted records were then reviewed by a physician-investigator
blinded as to case-control status.

Identification of Cases: Patients with Fatal HCC

Identification and confirmation of cases was a two-step process (Figure 2). First, potential
cases were identified electronically from CDW as patients with a diagnosis of cirrhosis
based on appropriate International Classification of Diseases, 9th edition (ICD-9) codes
(Supplemental Table 1) recorded at least twice?8-34 who were diagnosed with HCC at least
4 years after the diagnosis of cirrhosis, died between 01/01/2013 and 5/31/2015, and had
Model for End Stage Liver Disease (MELD) score<20 at all times prior to HCC diagnosis.
We used the presence of ICD-9 code 155.0 (primary liver cancer) recorded at least twice for
this preliminary identification of HCC, as in previous studies.30: 31. 34-38 A four-year period
was chosen to allow enough time for screening to plausibly have an influence on HCC-
related mortality. The time interval 2013-2015 was selected because it was the most recent
at the time the study was initiated, such that the most “current” treatments would be
available to patients diagnosed with HCC. Patients with MELD >20 were excluded because
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screening is not recommended in patients with advanced liver dysfunction (unless they are
listed for liver transplantation). Including such patients might have biased the results in the
direction of not finding an association between screening and reduced cancer-related
mortality. Second, the medical records of potential cases were accessed at all VA facilities
nationally through CAPRI by a physician-investigator blinded to screening status, in order to
confirm the diagnosis of cirrhosis and HCC, identify the patients in whom HCC contributed
to the patient’s death, and determine the index date. The diagnosis of cirrhosis was based on
clinical features of portal hypertension due to liver disease (ascites, hepatic encephalopathy,
varices), characteristic laboratory features (e.g. decreased platelets, prolonged prothrombin
time, increased serum bilirubin, hypoalbuminemia), imaging characteristics (e.g. nodular
liver, portosystemic collaterals), liver biopsy, and/or diagnosis documented by a
gastroenterologist or hepatologist. The diagnosis of HCC was defined by the following
national AASLD criteria that were in effect at the time our study was conducted?2 39: 1.
Liver nodules =10 mm which were hypervascular in the arterial phase with washout in the
portal venous or delayed phase in either 4-phase multidetector computerized tomography
(CT) scan or dynamic contrast enhanced magnetic resonance imaging (MRI); 2. Liver
nodules that fulfilled Liver Imaging Reporting and Data System (LIRADS) 5 criteria or 3.
Liver lesions with histology consistent with HCC on biopsy.

For patients confirmed to have HCC, the physician-investigator determined whether HCC
definitely contributed to the patient’s death, which was defined as presence of metastatic
HCC, multifocal HCC (>3 lesions), local or vascular invasion by HCC, large volume HCC
(>6 cm), serum alpha fetoprotein (AFP) >1000, or death due to complications from HCC
treatment in patients who did not have an obvious alternative cause of mortality. Only
patients confirmed to have HCC in whom HCC “definitely” contributed to death were
included as cases in the study.

The diagnostic definition of HCC and the criteria used to define that HCC contributed to the
patient’s death were determined and validated prior to study initiation by a pilot study of a
different set of 50 cases of fatal HCC reviewed independently by two of the investigators.
There was excellent inter-rater agreement (97.5% agreement, kappa 0.94, p<0.001) between
two investigators in assigning whether HCC definitely contributed to the patient’s death
using the above criteria.

Identification of Matched Controls.

Identification and confirmation of matched controls was a two-step process (Figure 2). First,
we electronically identified from CDW all patients with a diagnosis of cirrhosis28-34,
defined using the same ICD-9 codes as for cases, who did not die of HCC and were not
diagnosed with HCC prior to their matched case’s index date. We matched one control to
each case by the following characteristics, which are strongly associated with both fatal
HCC and the likelihood of screening: 1. Year of cirrhosis diagnosis; 2. Race/Ethnicity
(categorized as White non-Hispanic, Black non-Hispanic, Hispanic, Other); 3. Age (within 2
years); 4. Gender; 5. Primary etiology of cirrhosis [hepatitis C (HCV), alcoholic liver
disease, nonalcoholic fatty liver disease or other as we previously published*® — see
Supplemental Table 2 for definitions]; 6. MELD score at the time of cirrhosis diagnosis

Gastroenterology. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moon et al.

Page 6

(within 2 points); and 7. VA facility in which the diagnosis of cirrhosis was made. Controls
had to be enrolled in VA care for the four years prior to the index date and alive at the time
of their matched case’s death. Controls who had a MELD score =20 at any time prior to the
index date of their matched case were excluded (just as were the cases). Second, the medical
records of potential controls were accessed at all VA facilities nationally through CAPRI by
a physician-investigator who was blinded to screening status in order to confirm the
diagnosis and etiology of cirrhosis.

Definition of the Index Date.

The index date for cases was defined as: the date of HCC diagnosis (i.e. the earliest date of a
multiphasic CT/MRI or tissue biopsy diagnostic for HCC); or the earliest date that patients
reported symptoms (e.g. weight loss, abdominal pain), imaging findings (e.g. suspicious
liver nodule on screening USS), or laboratory abnormalities suspicious for HCC (e.g.
elevated serum AFP), whichever came first. The index date was determined for each case by
review of the medical records by a physician-investigator. By definition, an ultrasound scan
or serum AFP test performed after the index date could not have been a screening test. For
example, if a screening USS showed a suspicious liver nodule and a serum AFP was
subsequently ordered, the index date was the date of the USS and the serum AFP was not a
screening test. Each control was assigned the same index date as his or her matched case.
Therefore, for each case-control pair we evaluated an identical calendar period prior to the
index date for presence of screening USS or AFP (Figure 1). Cases or controls with index
dates occurring less than 4 years after the diagnosis of cirrhosis were excluded, since this
would not have allowed us to examine screening histories for the full duration of a
maximum hypothesized 4-year detectable preclinical phase of HCC.

Determination of screening USS and serum AFP in cases and controls

Each abdominal USS performed within 4 years prior to the index date was identified
electronically by an analyst blinded to case/control status. The ultrasound report (which
included the recorded indication for performing the ultrasound), and the ordering provider’s
progress notes before and after the ultrasound, were electronically copied from the medical
records onto a REDCap database by a trained research assistant as a separate record for each
USS. A physician-investigator blinded to case-control status reviewed this information on
REDCap and categorized each USS as having been performed “definitely” for screening,
“probably” for screening, “probably not” for screening or “definitely not” for screening. The
definitions of these categories are shown in Supplemental Table 3.

This process was separately performed for each serum AFP test obtained within 4 years
prior to the index date. The progress notes of the ordering provider before and after the AFP
result were copied from the electronic medical records and a blinded physician-investigator
categorized each AFP as having been performed “definitely”, “probably”, “probably not”, or
“definitely not” for screening using the criteria shown in Supplemental Table 4.

The principal investigator additionally reviewed any records that were difficult to categorize
by the physician-investigator, as well as a random 10% sample of all records.
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The criteria for adjudicating the screening status of USS and serum AFPs were determined
by an independent chart extraction by two investigators of a different set of 50 cases and 50
controls before the study was initiated. There was excellent agreement between the two
investigators for the criteria used in the study (94.2% agreement, kappa 0.90, p<0.001).

Our primary analysis considered only USS or serum AFP tests performed “definitely” for
screening, but a sensitivity analysis also included those performed “probably” for screening.

Statistical Analysis

Cases were compared to their matched controls with respect to receipt of abdominal USS or
serum AFP performed for screening within 0-1, 0-2, 0-3, or 0—4 years prior to the index
date modeled as binary (yes/no) variables, using conditional logistic regression. This period,
the detectable preclinical phase (DPP), is the period from the earliest time at which the
cancer is potentially detectable using the screening modality under study to the time at
which the cancer would present clinically in the absence of screening. Sheu et al. estimated
the DPP for HCC by estimating the time it would take for HCCs to grow from 1cm (the
minimum size potentially detectable by USS) to 10cm (a size generally expected to cause
symptoms), as 3.2 years for tumors with a median growth rate, which had a doubling time of
117 days*!. Based on this, we chose 4 years as the upper limit of the DPP, that is, we
estimated that a small HCC that could be detectable now by USS will take a maximum of 4
years before presenting with clinical symptoms#!. The maximal DPP is thought to provide
the least biased estimate of any true association between receipt of screening and reduced
cancerrelated mortality#2. However, it has also been shown that when different periods are
analyzed yielding different odds ratios, the lowest odds ratio (i.e. the one which indicates the
greatest survival benefit for screening) is likely to be the least biased*2. For these reasons,
we analyze screening tests performed within 4 years prior to the index date (i.e. close to the
estimated maximal DPP) as our primary analysis, but also analyzed screening tests
performed within 1, 2 or 3 years before the index date. We did not analyze 6 months prior to
index date, as this short interval would be heavily biased towards showing a higher rate of
screening for the cases than the controls (i.e. erroneously making it appear as if screened
patients are more likely to die of HCC).

Cases and controls were not compared with respect to the number of screening tests during
the DPP, because even in the absence of effective therapy of screen-detected cancers, the
cases would be expected to have been screened fewer times than the controls, assuming that
the screening test is sensitive in identifying the tumor, producing a spuriously low odds ratio
associated with multiple (or “regular”) screening’: 18, If a case with occult liver cancer
undergoes a screening test, the cancer may be identified and a second (or third) test will
never take place. However, controls (the large majority of whom do not have liver cancer)
have the capacity to be screened more than once during the time interval under
consideration.

Conditional logistic regression models were adjusted for age, etiology of cirrhosis (HCV,
NAFLD, ALD and Other), MELD score at cirrhosis diagnosis, race/ethnicity, year of
cirrhosis diagnosis, diabetes, alcohol use disorders, body mass index, eradication of HCV by
antiviral treatment and receipt of abdominal computed tomography (CT) or magnetic
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resonance imaging (MRI) during the period of interest. Models that evaluated the
effectiveness of screening serum AFP were additionally adjusted for receipt of screening
USS while models that evaluated the effectiveness of screening USS were additionally
adjusted for receipt of screening serum AFP.

We evaluated the following binary screening variables in different conditional logistic
regression models:

a. Screening USS versus no screening USS

b. Screening serum AFP versus no screening AFP

c. Screening USS or serum AFP versus no screening with either USS or serum
AFP.

d. Screening with both USS and serum AFP versus screening with only USS
e. Screening with both USS and serum AFP versus screening with only AFP

f. Screening with both USS and serum AFP versus screening with none

Power Calculations

Results

Extrapolating from a prior VA study3*, we estimated that the proportion of controls with a
screening serum AFP or a screening USS during a 4-year period in our study would be
approximately 70%. Using the method of Dupont specifically for power calculations in
matched case-control studies*3, we calculated a priorithat 238 cases matched to 238
controls would provide more than 90% power to detect a 14% difference in screening
between cases and controls and more than 80% power to detect a 12% difference between
cases and controls (e.g. 70% screening for controls and 58% screening for cases).

Aiming for a sample size of 238 pairs of cases and matched controls, we initially identified
electronically a random sample of 600 potential cases and 1800 potential matched controls.
After reviewing the charts of 497 out of these 600 potential cases in random sequence, we
excluded 10 patients who did not have HCC, 49 patients in whom HCC did not definitely
contribute to patient death, 165 patients who did not have cirrhosis or had less than 4 years
interval between the diagnosis of cirrhosis and the index date, 23 patients for other reasons
(care elsewhere [n=4], insufficient documentation [n=8], unclear cause of death [n=8],
unclear HCC diagnosis [n=3]) and 12 patients who could not be matched to a control that
fulfilled all matching criteria, leaving 238 cases in the current analysis (Figure 2). After
reviewing the charts of 322 potential controls electronically matched to these cases, we
excluded 84 who did not have cirrhosis or had less than 4 years’ interval between the
diagnosis of cirrhosis and the index date leaving 238 controls in the current analysis, each
matched to a single case.

Characteristics of Cases and Controls

As expected by the matching scheme, cases and controls were the same in terms of their age
at diagnosis of cirrhosis (54.6 years), age at index date (62.5 years), racial/ethnic
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distribution, year of cirrhosis diagnosis, year of index date, time interval between cirrhosis
diagnosis and index date, MELD score at the time of cirrhosis diagnosis and primary
etiology of cirrhosis (Table 1). All cases and controls were men, reflecting the
predominantly male VA population (by chance no women met all the inclusion criteria for
cases). In most patients, the primary etiology of cirrhosis was HCV infection (80%) or
alcoholic liver disease (13%). A majority of the patients were white (73.5%) followed by
Black (15.1%) and Hispanic (10.1%) race/ethnicity. Patients had a mean MELD score of 9 at
the time of cirrhosis diagnosis. HCV infection had been cured by antiviral treatment prior to
the index date in 13.7% of controls and 8.4% of cases.

Characteristics of HCC among the cases

Association

In the majority of cases, HCC was diagnosed by appropriate multiphasic CT or MRI
(85.6%), while 28.8% had histological diagnosis (Table 2). At the time of diagnosis, 16.0%
had vascular invasion, 8.0% had metastatic disease and 51.3% were within Milan criteria. A
large proportion of patients received locoregional treatments, including 42.4% trans-arterial
chemoembolization and 12.7% radiofrequency ablation while 28.4% were treated with
sorafenib and only 2.1% underwent surgical resection. The criteria that were used to
determine that the presence of HCC contributed to the patient’s death most commonly
included large volume HCC (45.0%), multifocal HCC (32.4%), local or vascular invasion
(26.9%) or metastasis (20.6%).

Between Screening and HCC-related Mortality

During the 4-year period prior to the index date, cases underwent 492 USS and 795 serum
AFP tests (including 284 and 635, respectively, performed “definitely for screening”) while
controls underwent a similar number of 503 USS and 848 serum AFP tests (including 287
and 641, respectively, performed “definitely for screening”)- Table 3.

There was no difference between cases and controls in the proportion who underwent
screening USS (52.9% vs 54.2%, odds ratio (OR) 0.95, 95% CI 0.66-1.37), screening serum
AFP (74.8% vs 73.5%, OR 1.07, 95% CI 0.70-1.65), or either screening USS or AFP
(81.1% vs 79.4%, OR 1.12, 95% CI 0.70-1.81) within 4 years prior to the index date (Table
4).

There was also no difference in receipt of these screening tests within 1, 2 or 3 years prior to
the index date. After adjustment for potential confounders, there was no association between
screening with USS or AFP and HCC-related mortality (Table 4). Receipt of screening with
both USS and AFP was not associated with HCC-related mortality compared to receipt of
USS alone, AFP alone, or no screening at any of the intervals studied (1, 2, 3, or 4 years,
Supplemental Table 5). When we analyzed USS and serum AFP tests that were done either
definitely or probably for screening (instead of only tests done definitely for screening), we
again found no association between screening and HCC-related mortality (Supplemental
Table 6 and 7).
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Discussion

HCC screening with USS or serum AFP or both was not associated with decreased risk of
HCC-related mortality in this matched case-control study based on recent data from a
national healthcare system in the United States.

Consensus on HCC screening recommendations is lacking among professional societies.
Most liver societies such as the AASLD?, the European Association for the Study of the
Liver (EASL)3 and the Asian Pacific Association for the Study of the Liver (APASL)* have
recommended USS every six months with or without concomitant serum AFP for HCC
surveillance among patients with cirrhosis. In contrast, non-liver societies have not endorsed
HCC screening due to lack of high-quality data. The U.S. Preventive Services Task Force
has not adopted an HCC practice guideline, the American Cancer Society makes no
recommendation on HCC screening® and the National Cancer Institute found no evidence
that screening decreases mortality from HCC but it could potentially result in harm®.

It remains unclear whether HCC screening reduces HCC-related mortality. Although two
RCTs have been performed in HBV-infected patients in China prior to 1997, their results do
not apply to cirrhotic patients in the current era in the US and have been criticized for
methodological limitations®. The remaining studies are observational, including 39
aggregated in two meta-analyses® 19 and one large VA study published subsequently#4.
However, these studies have not compared HCC-related mortality in screened versus
unscreened patients. Rather, they have compared survival after the diagnosis of HCC in
patients whose HCC was diagnosed because of screening versus those in whom HCC
presented with symptoms. This study design is inherently susceptible to lead-time bias that
may lead to overestimation of the benefits of screening. Several studies attempted to adjust
for lead-time bias by estimating the “sojourn time”4° (the period during which the tumor is
asymptomatic but screen detectable) using estimates of tumor growth rate or doubling time.
The conclusions of these studies vary dramatically depending on the estimates of tumor
doubling time and sojourn time used to adjust for lead-time bias*®: 47. Additionally, this
study design is limited by length-time bias (aggressive tumors are more likely to present
symptomatically and less likely to be diagnosed by screening than less aggressive tumors)
and by selection bias (patients who underwent screening were a selected subset of all
cirrhotic patients who may have improved survival by having access to better overall care).
Finally, most of these studies did not adjust for MELD score, a critical determinant of
survival in patients with HCC.

Our methodology addresses many of the limitations of prior studies examining HCC
screening. We employed a matched case-control study design to evaluate HCC screening
effectiveness that is not susceptible to lead-time or length-time bias. Because cases are
defined as patients with cirrhosis and fata/ HCC, this study design yields estimates of the
impact of screening on HCC-related mortality and approximates the results that would be
expected from a randomized controlled triall6. We evaluated a large number of cases and
matched controls who were derived randomly from a national healthcare system that
provides care to 8 million Veterans in 180 medical centers across the entire United States;
thus, our findings are typical of community-based settings. All VA patients have uniform
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access to medical care, limiting bias due to differential access to HCC screening and HCC
treatments. Potential cases and controls were individually verified by chart review using pre-
specified criteria. Cases were limited to patients who died in a very recent time period
(2013-2015), such that current treatments for HCC would be available to potentially affect
HCC-related mortality. Controls were matched to cases for important characteristics that
affect receipt of screening or death from HCC, while additional potential confounders were
adjusted for. Blinding to the case/control status of patients was maintained for the analyst
who identified all USS and serum AFP tests performed in the 4 years prior to the index date,
the research assistant who copied relevant reports from the electronic medical records onto
our REDCap database and the physician-investigator who determined whether USS or serum
AFP tests were done for screening. The medical records related to each of the 995 USS and
1643 AFP tests performed in the 4-year period prior to the index date were reviewed by a
physician-investigator to determine whether the USS or AFP were performed for screening.
We excluded cases and controls who had a MELD score =20 prior to the index date, since
screening is not recommended in patients with decompensated cirrhosis (unless they are
listed for liver transplantation) because they are unlikely to benefit from HCC treatment.

Our study had several potential limitations. It was conducted in a male population of US
veterans, which might limit the generalizability of our study to women. However, we are not
aware of studies showing that the test characteristics of screening USS or serum AFP or the
outcomes of HCC treatment are different in men versus women with cirrhosis. Nonetheless,
it would be useful to replicate our case-control study in a different healthcare system whose
records would allow the accurate identification of the indication for USS and AFP testing
since, to our knowledge, this is the only available case-control study of HCC screening
effectiveness. The main limitation of case-control studies of cancer screening effectiveness is
the potential for misclassifying as screening tests some tests that were actually done to
evaluate symptoms or signs of cancer in the cases. It is possible that in our study some USS
or serum AFP tests were performed in cases in order to evaluate suspected HCC, with the
basis for the suspicion not specifically mentioned in the medical record. We would have
misclassified these as “screening” tests, leading to falsely high odds ratio and thus a falsely
low estimate of screening effectiveness. This is less a concern for USS, for which the
indication has to be recorded in the report (which was available to us), but potentially more
of a concern in the case of serum AFP tests, for which the ordering provider’s progress notes
were the main source of information on test indication.

Two conditions are necessary for HCC screening to result in a reduction in HCC-related
mortality. Firstly, screening USS or serum AFP must be able to detect HCC at an earlier
stage than it would otherwise present as a result of symptoms, signs or incidental imaging.
Secondly, treatment must be available for this early-stage disease that yields superior
outcomes relative to treatment of disease detected in the absence of screening. The lack of
effectiveness of HCC screening in our study could be related to failure in one or both of
these conditions. Multiple studies suggest that HCCs detected by screening USS or serum
AFP have, on average, an earlier stage at diagnosis than HCCs detected by symptoms, signs
or incidental imaging34 47-50. However, this does not prove that screening /eads to earlier
detection. Another explanation is that screening is more likely to identify the slow-growing
tumors, which have lower stage, and more likely to miss the fast-growing tumors, which are
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then identified at a higher stage by symptoms. It is possible that the HCCs most likely to
lead to death are HCCs least likely to be identified by current screening modalities at an
early stage. Whether early treatment for HCC in patients with cirrhosis leads to a reduction
in case-fatality is questionable. Patients who receive locoregional treatments or surgical
resection remain at risk of developing recurrent HCC, new HCC and progressive liver
dysfunction due to their underlying cirrhosis. Liver transplantation is the only treatment that
can cure the cancer as well as the underlying cirrhosis and should confer a survival benefit.
However, only a small minority of patients with HCC undergo liver transplantation. In 2012,
24,696 incident cases of HCC were reported in the United States Cancer Statistics registry>?
(which, if anything, underestimates the total number of HCC cases), while only 1733 (7%)
liver transplants were performed for HCC in the US®2. Pragmatic RCTs currently under way,
that randomize patients to HCC surveillance outreach with patient education and patient
navigation services versus “opportunistic” surveillance®3, may address the impact of
surveillance of early detection and receipt of treatment, but are not designed to study cancer-
related mortality.

It is unlikely that the lack of screening-related survival benefit in our study was due to
untimely diagnostic and confirmatory tests for HCC or unavailability of HCC treatments in
the VA system. Firstly, even among these fatal cases, 51.3% were diagnosed within Milan
criteria, a much greater proportion than that of unselected patients with HCC in the national
SEER registry diagnosed within Milan criteria (36.4% in 2003—2006 and 46.3% in 2013-
2014)>4. Secondly, we found that even among these fatal cases, who had very advanced
HCC at presentation, a substantial proportion (66.8%) received a cancer-specific treatment.
The fact that none of the cases received liver transplantation is not indicative of
unavailability of liver transplantation, but rather a result of the fact that only carefully
selected patients who are not expected to die of HCC undergo liver transplantation and
hence liver transplant recipients did not contribute to the fatal cases in our study. It is
unlikely that the lack of screening-related survival benefit was due to patients having
advanced cirrhosis, which may discourage screening, preclude certain HCC treatments, or
dictate patient survival irrespective of the presence of HCC, because patients had MELD
score <20 at all times prior to the index date and a mean MELD score of 9 at the time of
cirrhosis diagnosis.

In summary, we found no evidence that screening with USS or serum AFP reduces HCC-
related mortality in patients with cirrhosis. This suggests that either these screening tests or
the currently available treatments, or both, are suboptimal and need to be improved.
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Figure 1. Schematic representation of the case-control study design, illustrating the criteria used
to match cases (fatal HCC) to controls, the index date and detectable preclinical phase (DPP).

The DPP comprised an identical period of calendar years for the case and control within
each matched pair (e.g. 2010-2014 in the example below), during which both case and
control were in VA care at the same VA facility

* Index Date: Date of HCC diagnosis or earliest date that patients showed symptoms,
laboratory abnormalities or imaging findings suspicious for HCC.

1 DPP (detectable preclinical phase), is the time period prior to the index date during which
we documented the occurrence of screening ultrasonography or serum AFP

¥ Matching by age, gender, race, etiology of cirrhosis, MELD score at the time of cirrhosis
diagnosis, date of cirrhosis diagnosis and VA facility

Gastroenterology. Author manuscript; available in PMC 2019 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

INDENTIFICATION OF POTENTIAL CONTROLS
Electronic search of COW for:
- ICD-9 diagnosis of cirrhosis

IDENTIFICATION OF POTENTIAL CASES
Electronic search of COW for:
- ICD-9 diagnoses of cirrhosis and HCC

Page 18

PLUS
- No HCC diagnosis prior to index date
- Enrolled in VA care for 4 yrs prior to index
date, no death prior to case’s death and

- No fatal HCC - HCC diagnosis=>4 yrs after Cirrhosis Diagnosis
- MELD <20
Electronic MATCHING to confirmed cases by: - Date of death: 1/1/13 to 5/31/15
- Year of cirrhosis dx, race/ethnicity, age, ‘
gender, cirrhosis etiology, MELD at cirrhosis
diagnosis I N=497 POTENTIAL CASES

!

- MELD <20 prior to index date - HCC and cirrhosis diagnoses
- HCC contributed to death
J - Index date
N=322 POTENTIAL CONTROLS - Index date >4 yrs after cirrhosis diagnosis

A

r

date

CONFIRMATION OF CASES
Manual chart review to confirm:

- Enrolled in VA care for 4 yrs prior to index

CONFIRMATION OF CONTROLS
Manual chart review to confirm:
- Cirrhosis diagnosis and cirrhosis etiology
- Index date >4 yrs after cirrhosis diagnosis

Exclusions (n=84)
No cirrhosis or _

<4 yrs from cirrhosis
to index date

y

Exclusions (n=259)

- No cirrhosis or

<4 yrs from cirrhosis

to index date (n=165)
- No HCC (n=10)
- No fatal HCC (n=49)
- Other reasons (n=23)
- Unable to match (n=12)

v

[n=238 conFirmED conTROLs  Je—MATCHED _J

N=238 CONFIRMED CASES |

ELECTRONIC IDENTIFICATION OF ALL AFP AND USS
PERFORMED WITHIN 4 YRS PRIOR TO INDEX DATE.
(CASES AND CONTROLS MIXED, no identification of
case/control status)

REDCap database

AFP N=1643
Progress notes before and after each AFP
electronically copied from medical records onto

uUss

notes before and after

database

USS report, indication of USS and Progress

copied from medical records onto REDCap

N=995

each USS electronically

r

v

for screening or not

Blinded investigator reviewed REDCap
to determine if each AFP was performed

for screening or not

Blinded investigator reviewed REDCap
to determine if each USS was performed

Figure 2. Flow chart demonstrating the identification/confirmation of cases, identification/
confirmation of controls and matching to cases, and identification of USS and serum AFP tests
performed prior to the index date
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Table 1.
Characteristics of cases and their matched controls
Controls | Cases
N=238 N=238
Male, % 100 100
Age at diagnosis of cirrhosis, mean (yrs) 54.5 54.6
Age at index date, mean (yrs) 61.9 62.0
Year of cirrhosis diagnosis, %
Prior to 2003 42 42
2003-2005 27 27
2006-2008 27 27
2009-2011 5 5
Time interval between diagnosis of cirrhosis and index date, yrs 7.9 7.9
Index Date Year, %
<=2012 63 63
2013 24 24
2014 11 11
2015 21 21
Race/Ethnicity, %
White, non-Hispanic 74 74
Black, non-Hispanic 15 15
Hispanic 10 10
Other 13 13
Primary etiology of liver disease, %
Hepatitis C Virus 80 80
Alcoholic Liver Disease 13 13
Nonalcoholic Fatty Liver Disease 29 29
Other 42 4.2
Sustained virologic response to HCV achieved prior to index date
(among those with HCV), % 14 8.4
BMI, mean (Kg/m?) 29 29
MELD Score, mean 9.1 9.0
Diabetes, % 23 23
Alcohol Use Disorders, % 48 61
CT or MRI prior to index date, %
0-2 yrs prior to index date 44 55
0-3 yrs prior to index date 53 62
0-4 yrs prior to index date 62 71
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Table 2.
Characteristics of HCC among cases (fatal HCC)
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Cases
N (%)
Method of HCC diagnosis*
Imaging (CT/MRI) 204(86)
Histology 69(29)
Stage of HCC at Diagnosis
Maximum dimension of largest
tumor(cm), mean(SD) 4.5(3.4)
Number of tumors, mean(SD) 2.1(1.6)
Number of tumors (%)
1 125(53)
2-3 72(30)
>4 41(17)
Size of largest tumor (%)
0-3 cm 92(39)
3to<5cm 75(32)
5to <6 cm 16(6.7)
6to <7 cm 15(6.3)
>7cm 40(17)
Within Milan Criteria (%) 122(51)
Beyond Milan Criteria (%) 116(49)
Vascular Invasion, % 38(16)
Metastasis, % 19(8)
Treatment of HCC*
Liver transplantation 0(0.0)
Surgery (partial hepatectomy) 5(2.1)
Systemic chemotherapy (sorafenib) 69(29)
Trans-arterial chemoembolization 101(42)
Radiofrequency ablation 30(13)
Y-90 radioembolization 7(2.9)
Percutaneous ethanol injection 3(1.3)
Cryoablation 1(0.4)
Other Treatment 11(4.6)
Any one of the above treatments 159(67)
HCC Contributed to patient’s death*
Metastatic HCC 49(21)
Multifocal HCC (>3 lesions) 77(32)

Gastroenterology. Author manuscript; available in PMC 2019 October 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Moon et al.

Cases
N (%)
Local or vascular invasion by HCC 64(27)
Large Volume HCC
(>6cm or AFP>1000) 107(45)
Death due to complications of HCC
treatment 6(2.5)

*
The categories for “method of HCC diagnosis”, “treatment of HCC” and “HCC contributed to patient’s death” are NOT mutually exclusive.

fMiIan Criteria: One tumor <5 cm or 2-3 tumors each of which is < 3cm
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Distribution of ultrasound scans and serum AFP tests during the 04 years prior to index date

Controls Cases
uss
Al USS 503 492
Definitely screening 287(57.1%) 284 (57.7%)
Probably screening 6 (1.1%) 8 (1.6%)
Probably not screening 4 (0.8%) 2 (0.4%)
Definitely not screening 206 (41.0%) 198 (40.2%)
AFP
All AFP 848 795

Definitely screening

641 (75.6%)

635 (79.9%)

Probably screening 10 (1.2%) 2 (0.3%)
Probably not screening 0 (0.0%) 0 (0.0%)
Definitely not screening 197 (23.2%) 158 (19.9%)
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Table 4.

Comparison of cases and controls with respect to occurrence of screening " ultrasound (USS), screening AFP
or either USS or AFP at given time intervals prior to the index date.
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Controls Cases % .
N=238 N=238 Odds Ratio (95% | Adjusted Odds
n (%) n (%) Cl) Ratio (95% CI)
0-4 years prior to
Iindex date
uss 129 (54.2%) | 126 (52.9%) 0.95 (0.66-1.37) 0.95 (0.63-1.43)
AFP 175 (73.5%) | 178 (74.8%) 1.07 (0.70-1.65) 1.08 (0.67-1.75)
USS or AFP 189 (79.4%) | 193 (81.1%) 1.12 (0.70-1.81) 1.11 (0.68-1.82)
0-3 years prior to
index date
USS 117 (49.2%) | 112 (47.1%) 0.92 (0.63-1.32) 0.91 (0.60-1.37)
AFP 164 (68.9%) | 168 (70.6%) 1.09 (0.73-1.63) 1.13 (0.72-1.77)
USS or AFP 177 (74.4%) | 182 (76.5%) 1.13(0.73-1.74) 1.14 (0.72-1.79)
0-2 years prior to
Index date
USS 95 (39.9%) 91 (38.2%) 0.93 (0.63-1.36) 0.93 (0.60-1.43)
AFP 145 (60.9%) | 151 (63.4%) 1.13 (0.76-1.69) 1.18 (0.76-1.83)
USS or AFP 160 (67.2%) | 165 (69.3%) 1.12 (0.74-1.68) 1.12(0.73-1.73)

0-1 years prior to

Index date

uss 62 (26.1%) | 70 (29.4%) 1.20 (0.79-1.81) 1.20 (0.77-1.86)
AFP 109 (45.8%) | 121 (50.8%) | 1.24 (0.85-1.80) 1.22 (0.82-1.82)
USS or AFP 127 (53.4%) | 143 (60.1%) | 1.33(0.92-1.94) 1.40 (0.95-2.08)
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fOnIy tests performed “definitely for screening” were included in this analysis

*

Odds ratio of screening in cases relative to controls. An odds ratio <1 would be indicative of an association between HCC surveillance and
decreased HCC-related mortality. Although this odds ratio is unadjusted, cases and controls were matched for age, gender, race, etiology of
cirrhosis, MELD score at the time of cirrhosis diagnosis, date of cirrhosis diagnosis and VA facility.

Ak
Adjusted for age, etiology of cirrhosis, MELD score at cirrhosis diagnosis, race/ethnicity, year of cirrhosis diagnosis, diabetes, alcohol use

disorders, body mass index, eradication of HCV by antiviral treatment and receipt of abdominal CT or MRI during the period of interest. Also, the
USS analysis was adjusted for screening for serum AFP and the serum AFP analysis was adjusted for screening by USS.
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